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INTRODUCTION
Beginning in the 1980s, a series of administrative, judicial, and legislative actions strengthened the economic value of U.S. patents and extended their coverage in such areas as computer software and "business methods." Although many of these actions were undertaken at the behest of the U.S. business community, concerns have been raised since the early 1990s about the potential economic burdens of low-quality patents in an environment of greater deference to the rights of the patentholder (Merges, 1999; Barton, 2000) . A number of experts have suggested that the U.S. patent examination system does not impose a sufficiently rigorous review of patent and nonpatent prior art, resulting in the issuing of patents of considerable breadth and insufficient quality. Many of these critics advocate the reform or extension of procedures that would enable interested parties other than U.S. Patent and Trademark Office (USPTO) examiners to bring relevant information to bear on this process either before or shortly after the issue of a patent. However, much of this debate has occurred in an empirical vacuum. Little is known about the characteristics or effectiveness of existing procedures for such post-issue challenges within the U.S. patent system, and virtually no research has compared the characteristics or effects of U.S. post-issue challenge procedures with those available elsewhere in the industrialized world's patent systems.
At present, the primary procedure for such a challenge to the validity of a U.S. patent is the re-examination proceeding, which may be initiated by any party during the life of the patent. A more elaborate and adversarial procedure in the European Patent Office (EPO) is the opposition process. This chapter uses new data in an exploratory comparative analysis of these post-issue challenge proceedings, pursuing two main questions:
1. What are the determinants of post-issue challenges via opposition or reexamination to the validity of patents in the United States and Europe? 2 2. How do patents pertaining to the same invention fare in the two different administrative systems?
In answering these questions, we use data from both the EPO and the USPTO, including a newly created data set of "twin" patents, that is, patents taken out in both jurisdictions on the same invention.
The institutions that allow for post-grant challenges of patent validity differ considerably between the U.S. and Europe. An important feature of the proceedings at the EPO, the significance of which has been remarked upon widely by practitioners but only minimally analyzed, is the "opposition process." 3 For 9 months after the issue of a patent by the EPO, interested parties can contest its validity by filing an opposition. Typically, opponents argue that an issued patent is invalid because it fails to meet the standard requirements of patentability (novelty, inventive step, industrial application, nonprejudicial disclosures) or it does not disclose the invention with sufficient clarity or completeness. 4 In response to an opposition, the EPO may reject the opposition, amend the patent, or revoke the patent entirely. 5 Patents issued by the EPO designate the European states in which the applicants wish to patent their inventions. Although the EPO application costs roughly three times more than the typical national application, because an EPO patent grants the applicant a right to patent in any designated state, the EPO process affords significant cost advantages for inventions requiring protection in a number of European markets. However, the centralization of application and examination also allows a centralized legal challenge: Under the European Patent Convention (EPC), any third party can use an opposition proceeding to challenge the granted patent within 9 months after the granting date for all of the designated states, rather than having to pursue legal proceedings in each of the European nations designated in the patent. The EPO opposition process has been cited by Merges (1999) as a more effective means of ensuring "high-quality" patents, especially in novel technological areas, than those available in the United States.
U.S. patents are issued on the basis of criteria that are broadly similar to those employed by the EPO. In newly patented or novel technologies a lack of patent-based prior art or the difficulty of accessing nonpatent prior art can result in the issuance of patents of dubious merit or quality. Furthermore, for examiner searches made in the nonpatent prior art, novel technologies create higher search costs that can pose added barriers to effective discovery of prior disclosures. If prior disclosures are missed by the examiner, interested third parties wishing to challenge a U.S. patent after issue have two options: (1) challenge the patent in federal court or (2) request a re-examination of the patent by the USPTO. In absolute terms, patent litigation grew significantly in the United States during the period from 1985 to 2000, although the rate of litigation relative to the number of issued patents remained constant. However, as we suggest below, litigation is a costly and time-consuming means for establishing the validity and/or claims of a patent. In addition, costly patent litigation may contribute to growth in "defensive" patenting, another resource-intensive process with limited social returns (Hall and Ziedonis, 2001 ).
The patent re-examination procedure was created by federal legislation during the 1980s. 6 The number of annual re-examination requests grew from the mid-1980s through the early 1990s but has scarcely grown since 1994. Unlike litigation or oppositions, the re-examination process is not an adversarial proceeding in which advocates for each side introduce evidence and arguments in support of their position, and there are limits on the types of issues that can be raised within a re-examination. Moreover, Merges (1999) has suggested that the requirement that any opposition be filed within 9 months of the issue of an EPO patent may mean that the validity of EPO patents is determined at a much earlier point in their term than is true of the re-examination or litigation processes. 7 Merges estimates that almost 7 percent of EPO patents trigger opposition proceedings, whereas only 0.3 percent of U.S. patents result in re-examination re- 6 An alternative re-examination procedure, the inter partes re-examination, was enacted by the U.S. Congress in 1999 (see the American Inventors Protection Act, codified in 35 USC 311-318). Several commentators have questioned the efficacy of the inter partes re-examination on grounds that it allows the third-party requestor limited opportunities of involvement, prevents any adverse findings of the USPTO from being appealed to the courts, and also precludes the raising of any questions of validity on grounds that were, or may have, been raised during the inter partes re-examination from being litigated in the courts (Neifeld 2000) . The USPTO reports no inter partes re-examination requests in 2000 and only one in 2001. 7 Balanced against this is the fact that EPO patents take longer to issue than U.S. patents, so the median lag between patent application and opposition challenge could be and is in fact longer than the median re-examination lag in our data (see Table 1 ). Unfortunately, we were unable to obtain data on litigation outcomes in either Europe or the United States that were adequate for addressing the question of the total delay in either system. quests. 8 In addition, oppositions result in much higher rates of patent revocation than do re-examinations. According to Merges, more than 34 percent of oppositions filed in 1995 resulted in the revocation of the relevant EPO patent, considerably higher than the 12 percent of re-examination requests producing a similar result in U.S. patents during this period. 9 In this chapter, we report the results of the first comparative study of the determinants and outcomes of patent oppositions in Europe and of re-examinations on corresponding patents issued in the United States. Our analysis focuses on two broad technology categories-biotechnology and pharmaceuticals and semiconductors and computer software. 10 Within these fields, we collected data on all EPO patents for which oppositions were filed at the EPO. We then constructed a random sample of EPO patents in these technology classes that triggered no opposition proceedings. We matched these EPO patents with the "equivalent" USPTO patents covering the same invention in the United States. This approach allows us to compare the post-issue quality control processes for technologically identical patents. Using the sample of matched USPTO and EPO patents, we compared the determinants of either opposition or re-examination.
We explore issues related to the first main topic of the chapter by addressing the following questions:
1. How does the rate of opposition (number of oppositions/all issued patents) vary by patent class within the EPO data and, similarly, for USPTO reexaminations? Which EPO and USPTO patent classes exhibit the highest opposition and re-examination rates, respectively? 2. What are the outcomes of the opposition and the re-examination processes? Do the two procedures consistently lead to a large number of patent revocations or amendments? Do types of outcomes differ significantly with the characteristics of the patent or characteristics of the patent owner or the challenger? For example, is there any evidence suggesting that patents owned by "indepen-dent inventors" are more likely to be challenged than patents owned by corporations? 11 3. How do the lengths of the average opposition and re-examination processes compare? What is the total time lag between application date and resolution of legal disagreements? Do oppositions, for example, enable a faster resolution of issues of patent quality and/or validity?
Using our matched sample of patents, we address the second main topic (see above) by investigating the following questions:
1. Do EPO oppositions and U.S. re-examinations focus on relatively "important" patents, measured in terms of citations to these patents in subsequent patents? How do the U.S. patents that correspond to opposed EPO patents compare with the U.S. control sample (equivalents to unopposed EPO patents) in terms of the number of post-issue citations?
2. Do we observe significant differences in the probability that a U.S. patent corresponding to an EPO patent for which an opposition is filed will be challenged through a re-examination request, by comparison with patents in the U.S. "control samples"?
More broadly, we wish to use this preliminary analysis as one component of an assessment of the comparative cost and efficiency of the re-examination and opposition processes, including a comparison of the costs, outcomes, and duration of these processes with those of litigation. This more ambitious goal is beyond the scope of this chapter because of the lack of U.S. and European litigation data. Nevertheless, the results reported here provide a useful starting point for the broader analysis.
INSTITUTIONAL BACKGROUND
At present, the U.S. and European patent systems have similar aims and requirements for patentability but differ in the allowable subject matter and in their administrative procedures. In this and the next section of the chapter, we provide a brief overview of the operations of the two systems.
In the United States, an invention ("process, machine, manufacture or composition of matter") must satisfy four requirements to be patentable: adequate disclosure, novelty, usefulness, and nonobviousness. In Europe, firms and individuals have been able, since 1978, to submit a single application to the EPO that specifies up to 24 national jurisdictions 12 in which they desire patent protection for an invention. Under the EPO regime, the patentability requirements-adequate disclosure, novelty, industrial application, and inventive step-are broadly similar but not identical to those of the United States. The last two requirements, "industrial application" and "inventive step," map roughly onto the U.S. requirements of "usefulness" and "nonobviousness," respectively. Figure 1 shows a rough time line covering the period between patent application and grant in the two systems. During the period covered by our data set, the U.S. patent application was kept secret until the patent issued, which meant that the median time between application and publication was 18 months to 2 years, with a long tail. As part of the patent system harmonization legislated in the American Inventors Protection Act of 1999, the United States instituted a policy of publication 18 months after application in November 2000 for many patents with applications pending in jurisdictions outside the United States. 13 In contrast, EPO applications have always been published with an 18-month lag, regardless of whether they have issued.
Both systems have a post-grant procedure through which the validity of the patent can be challenged by other parties, but the two patent systems' post-grant challenge procedures differ significantly. In both systems, interested parties can also bring suit in court over infringement and validity (with some restrictions as to when a suit can be filed). We discuss these administrative processes for postgrant challenges in the following section. 
THE ADMINISTRATIVE PROCESSES AT THE USPTO AND EPO

USPTO Examination and Re-examination Procedures
In the United States, inventors may claim a utility patent 14 by making application to the USPTO. Before a patent issues, the USPTO is charged with ensuring that the invention is adequately specified, 15 covers patentable subject matter, 16 and is useful, 17 novel, 18 and nonobvious. 19 Procedurally, the application must be filed within 1 year of the invention's public use or publication, 20 contain an adequate description with one or more claims, 21 and be accompanied by the payment of a fee. 22 The USPTO patent examiner is the arbiter of the patentability, novelty, usefulness, and nonobviousness requirements cited above, judging these standards against the "prior art," i.e., prior inventions, in the field. Prosecution of the patent has been characterized as a "give-and-take affair," with negotiation and renegotiation between the patentee and the examiner that ordinarily continues for 2-3 14 Although the vast majority of U.S. patents-and the focus of this chapter-are the so-called utility patents authorized by 35 USC §101, patents are also available on plants (35 USC §161) and designs (35 USC §171 Corp. v. Hydro-Line Mfg., 351 F.2d 546 (7th Cir. 1965 ) (holding that withholding information from claims failed to adequately describe the invention). The closely-related "written description" requirement ensures that the invention is actually described. See Permutit v. Graver Corp., 284 US 52 (1931) (finding the absence of any writing an insufficient description). The "definite claim" requirement ensures that the boundaries of the patent right are clearly marked. See Halliburton Oil Well Cementing Co. v. Walker, 326 US 1 (1946) (finding overbroad and indefinite claims invalid). The "best mode" requirement is intended to ensure that the applicant discloses the most effective method known. See Chemcast Corp. v. Arco Industries, 913 F.2d 923 (Fed. Cir. 1990 ) (finding that a failure to disclose the only known mode violates the best mode requirement).
22 USPTO regulations set the basic filing fee at $710 for utility patents. 37 CFR §1.16(a). Additional claims may raise the fees payable, and all fees are generally lower for "small entities." 37 CFR §1.16(b),(c),(d).
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years . The costs of prosecuting a patent through the USPTO range from $5,000 to $100,000 (including the USPTO issue fee), depending on the nature of the technology. 23 Re-examination, originally envisioned as an alternative to expensive and time-consuming litigation, was created by the 1980 Bayh-Dole Act. 24 The legislative history of this act suggests that the re-examination was intended to be a mechanism that would be less expensive and less time-consuming 25 than litigation. During the legislative process, however, the act 26 was purged of its intended adversarial characteristics, reducing the usefulness of the procedure for opponents of a given patent.
Procedurally, the re-examination proceeding permits the patent owner or any other party to notify the USPTO and request that the grounds on which the patent was originally issued be reconsidered by an examiner. 27 Initiation of a re-examination requires that some previously undisclosed "new" and relevant piece of prior art be presented to the agency. Under the statute, a relevant disclosure must be printed in either a prior patent or prior publication-no other source can serve as grounds for the re-examination.
After being initiated by the proponent through a notification and the payment of a fee to the USPTO, 28 the re-examination goes forward only if the USPTO finds a "substantial new question of patentability." 29 Such a determination was intended by lawmakers to prevent the reopening of issues deemed settled in the original examination (Merges, 1997) . The USPTO must make this determination within 3 months of the request and, having made the determination, must notify the patent owner.
When the owner is not the re-examination proponent, the patentee is allowed to file a response to the newly discovered prior art within 2 months. If the owner chooses to respond, the requester is afforded an opportunity to reply within 2 months. By choosing not to respond, the owner can limit the requester's partici- 23 Gable and Montague (2001) , although it is likely that most patent prosecutions cost less than $10,000. Exclusive of variable costs, e.g., attorney time and search, the USPTO has set utility patent issue fees at $1,240. 37 CFR §1.18(a).
24 Public Law 96-517 (12/12/80). 25 Our evidence suggests that the average re-examination takes less than 2 years, slightly shorter than the average duration of a patent lawsuit (31 months). But this difference is not large (especially in view of the high variance of the "average duration" estimate for a trial); some observers have criticized the re-examination system for not having provided a fast and cheap alternative to trial.
26 "Act to Amend the Patent and Trademark Laws," Pub.L.No. 96-517, 94 Stat. 3015 (1980). 27 It is also possible for the USPTO Commissioner to request a re-examination. In our sample, approximately 80 of our 4,500 re-examination requests were initiated by the USPTO, a rate of slightly less than 2 percent. pation in the process. The re-examination is thus designed to be an ex parte proceeding between the patent owner and the USPTO, with limited opportunities for third-party involvement. Any third party, such as a competitor or other opponent of the patent, thus has a limited role in the re-examination process. The requester is entitled to notify the USPTO of the triggering "prior art," to receive a copy of the patentee's reply to the re-examination (if any), and to file a response to that reply. The owner's role in the process is much more involved: The re-examination statute contemplates a second examination, with the same type of "give-and-take" negotiation between owner and patent office that occurs during the initial issuance of a patent. The examiner remains the final arbiter of the process, and it is not uncommon for the original examiner to be assigned the follow-up re-examination, thus putting the question of whether prior art was overlooked in the hands of the same government official who was responsible for ensuring that no prior art was overlooked in the previous search.
Once the re-examination goes forward, however, the statute requires that the Commissioner make a validity determination. 30 The original patent is afforded no statutory presumption of validity in the proceeding, although the practice of assigning re-examinations to the original examiner may produce such a de facto presumption. The re-examination may be neither abandoned nor postponed to await the result of concurrent litigation proceedings. 31 The result of the re-examination may be a cancellation of either all or some of the claims or the confirmation of all or some of the claims. Nothing in the re-examination procedure can expand the scope of the original patent's claims, but claims may be amended or new claims added during the renegotiation between the patent owner and the examiner.
In summary, for parties seeking to invalidate an issued patent, the re-examination procedure involves considerable costs and risks. The filing fee for the reexamination is not insubstantial, and practitioners estimate the average costs of a re-examination at $10,000-$100,000 depending on the complexity of the matter. Although the costs of a re-examination are lower than those of litigation ($1 million-$3 million), the third-party challenger in re-examination is denied a meaningful role in the process, and the patentholder maintains communications with the examining officer, offering amendments or adding new claims during the reexamination. Re-examination may also impose additional costs on challengers seeking redress in court because juries tend to give added weight to re-examined patents and the Court of Appeals for the Federal Circuit (CAFC) has indicated that claims confirmed by the re-examining officer present, in practice, added bar-riers to a successful contest. 32 As a result, challengers face powerful incentives to forgo re-examination in favor of litigation, a process that may well be more expensive, more time-consuming, and less expert in testing post-issue validity.
Patent Litigation in the United States
In the United States, post-issue validity can also be tested in court. The U.S. federal courts obviously are a unified system operating under the same substantive legal requirements, in contrast to the multistate system facing litigants in Europe. Because patent suits are filed at the District Court (trial) level, litigants have considerable control, e.g., through their choice of District Court, over the manner in which litigation unfolds. This opportunity for control is partially mitigated by the existence of the CAFC, which hears all patent appeals. However, only a very small percentage of patent cases are appealed to the CAFC, which means that any differences in judicial philosophy among the many U.S. District Courts may influence the outcomes of litigation. 33 Procedurally, litigation differs markedly from the re-examination procedure. Unlike the re-examination procedure, litigation is an adversarial appeal to a courtarbiter in which the litigant has a choice over the final arbiter of the dispute and may elect to have the case heard by either a judge or a jury. Because patent suits generally arise from a charge of infringement by the patent owner, the patentee exerts considerable control over the timing of enforcement and litigation in a patent dispute. 34 Legal standards create a relatively hostile environment in the federal courts for challengers seeking to invalidate an issued patent. Under the statute, patents are "born valid," enjoying a strong presumption of validity during the court proceedings. 35 Furthermore, the evidentiary standard for proving a claim invalid is "clear and convincing" evidence, a standard considerably higher than the mere "preponderance" of proof required in the typical civil suit. Because judges and juries may have limited technical expertise, these presumptions and evidentiary barriers create high costs for challengers. The propatent environment signaled by the creation of the CAFC has compounded these barriers: According to one study, successful challenges to patent validity fell from 50 percent to 33 percent in the years after the creation of the CAFC (Lemley and Allison, 1998) .
Direct costs in litigation are also high compared with those of re-examination. Estimates of legal costs in patent litigation run from $1 million to $3 million per suit (AIPLA, 1999) to $500,000 per claim at issue, per side (Barton, 2000) . One important driver of these costs is the extensive use of pretrial discovery. The lag between filing a patent suit and reaching a resolution can also be considerable: One study estimates the average length of a District Court patent suit at 31 months (Magrab, 1993) . These relatively high costs and long lags have led a number of scholars (e.g., Merges, 1999) to argue that a stronger post-grant challenge system could reduce uncertainty regarding the validity of individual patents and, arguably, contribute to higher patent quality in a less expensive and timeconsuming manner. As we noted above, the adversarial elements originally contained in the legislation that established the U.S. re-examination system were largely removed from this procedure during congressional debate of the bill. In contrast, adversarial processes form the basis for the "opposition" procedure adopted by the EPO.
EPO Examination and Opposition Procedures 36
Patent protection for European member states can be obtained by filing several national applications at the respective national patent offices or by filing one EPO patent application at the European Patent Office. The EPO application designates the EPC 37 member states for which patent protection is requested. The total cost of a European patent amounts to approximately €29,800, roughly three times as much as a typical national application. 38 Thus, if patent protection is sought for more than three designated states, the application for a European patent is less expensive than independent applications in several jurisdictions. This cost advantage has made the European filing path particularly attractive for applicants selling goods and services in multiple European markets. Increases in the number of patent applications and grants have given the EPO a level of economic importance that now resembles that of the USPTO.
EPO patent grants are issued for inventions that are novel, mark an inventive step, are commercially applicable, and are not excluded from patentability for other reasons. 39 After the filing of an EPO application, a search report is made available to the applicant by the EPO. The search report is generated by EPO's search office in The Hague and then transferred to the examining staff in the Munich office. The search report describes the state of prior art regarded as relevant according to EPO guidelines for the patentability of the invention, i.e., it contains a list of references to prior patents and/or nonpatent sources. 40 Within 6 months after the announcement of the publication of the search report in the EP Bulletin, applicants can request the examination of their application. This request is a compulsory prerequisite for the patent grant. If examination is not requested, the patent application is deemed to be withdrawn. Eighteen months after the priority date the patent application is published. At this point, the application is normally under examination; thus the patent owner is generally required to reveal some information about his/her invention before the grant of the patent and even if no patent is ever issued.
After examination (if requested) has been performed, the EPO presents an examination report. At this point, the EPO either informs the applicant that the patent will be granted as specified in the original application or requires the applicant to agree to changes in the application that are necessary for the patent grant. In the latter case, a negotiation process similar to that in the U.S. system may ensue. Once the applicant and the EPO have agreed concerning the scope of the allowable subject matter, the patent issues for the designated states and is translated into the relevant national languages. If the EPO declines to grant a patent, the applicant may file an appeal. 41 On average, the issue of a European patent takes about 4.2 years from the date of filing the application (Harhoff and Reitzig, 2001) . Within 9 months after the patent has been granted, any third party can oppose the European patent centrally at the EPO by filing an opposition against the granting decision. The outcome of the opposition procedure is binding for all designated states. If opposition is not filed within 9 months after the grant, the patent's validity can only be challenged under the legal rules of the respective designated countries.
The EPO opposition procedure is thus the only centralized challenge process for European patents. An opposition to a European patent is filed with the EPO. 39 See Article 52 EPC. 40 It is important to note that applicants at the EPO are not required to supply a full list of prior artas is the case in the U.S. system (see Michel and Bettels, 2001, 191ff) . 41 See Article 106 EPC. Any decisions made by the EPO in receiving, examining, and opposition sections and legal division can be appealed, and the appeal has suspensive effect.
The opponent must substantiate his opposition by presenting evidence that the prerequisites for patentability were not fulfilled, e.g., the opponent must show that the invention lacked novelty and/or an inventive step or that the disclosure was poor or insufficient. At the EPO, an opposition division determines the outcome. The examiner who granted the patent is a member of the three-person opposition chamber but may not be the chairperson. The opposition procedure can have one of three outcomes: The patent may be upheld without amendments, it may be amended, 42 or it may be revoked. 43 As we pointed out above, revocation occurs in about one-third of all opposition cases. 44 Another interesting aspect of the opposition procedure concerns the restrictions imposed by this process on the opponent's ability to settle "out of court." Once an opposition is filed, the EPO can choose to pursue the case on its own, even if the opposition is withdrawn. 45 Thus the opponent and patentholder may not be free to settle their case outside of the EPO opposition process once the opposition is filed. This provision of the opposition proceeding may discourage its use by opponents seeking to force patentholders to license their patents.
Both the patentholder(s) and the opponent(s) may appeal the outcome of the opposition procedure. 46 The appeal must be filed within 2 months after receipt of the decision of the opposition division, and it must be substantiated within an additional 2 months. The Board of Appeal affords the final opportunity at the EPO to test the validity of the contested European patent. Both parties can bring expert witnesses into the proceedings, and there are various options for having deadlines extended. For the two technical fields considered in this chapter, the median duration of the challenge procedures (opposition and any appeal 47 ) is 3.07 years, although there is considerable variation in the duration of individual cases (the interquartile range is 2.8 years).
The official fee for filing an opposition is €613; for filing an appeal against the outcome of opposition, the fee is €1022. However, the total costs to an oppo-42 See Article 99ff EPC. An amendment normally results in a reduction of the "breadth" of the patent by altering the claims that define the area for which exclusive rights are sought. See Straus (1996) for a discussion of the legal status of the patent under amendment. 43 On average, the opposition procedure takes around 2.2 years if the patent is revoked and about 4 years if the patent is amended. See Table 2 for similar information on our samples. 44 See EPO (1999), p. 17 and Merges (1999) , pp. 612-614. There are no publicly available data as to the frequency and extent of amendments or the frequency of rejected oppositions. For the technical fields considered in this paper, we compute these figures below.
45 Rule 60 EPC: "In the event of the death or legal incapacity of an opponent, the opposition proceedings may be continued by the European Patent Office of its own motion, even without the participation of the heirs or legal representatives. The same shall apply when the opposition is withdrawn." 46 Article 99ff. EPC 47 For the two technical fields studied in this chapter, an appeal occurs in about one-third of all opposition cases.
Patents in the Knowledge-Based Economy http://www.nap.edu/catalog/10770.html nent or the patentholder are much higher. Estimates by patent attorneys of the costs of an opposition range between €15,000 and €25,000 for each party. Patent attorneys we interviewed agreed that there is not much room for the opponent to drive up the patent owner's cost of litigation, because attorney fees are regulated in most European countries, including Germany, where many patent lawyers who have the required EPO registration reside.
Patent Litigation in Europe
Although the EPO provides a centralized application and examination process, there is no supranational or centralized process of patent litigation in Europe. The attractiveness of the EPO opposition process stems in part from the fragmentation of patent litigation processes in Europe. Unfortunately, there have been very few systematic studies of patent litigation within the various European nations. We therefore confine ourselves to a brief review of the few facts that are known.
After the grant, the EPO patent becomes a bundle of national patent rights that are treated as "normal" national patents, which can be attacked by third parties through legal means allowed for in the respective national legislation. Outcomes in these "local" litigation cases are restricted to the "local" level, e.g., the patent may be invalidated in Spain, but this does not affect its validity in Italy. During the past decade, national patent courts have increasingly taken evidence and decisions from litigation in other European nations into account, but no systematic study has analyzed such legal "spillover" effects (Stauder, 1996; Stauder et al., 1999) . Other spillover effects link the outcome of oppositions and those of subsequent litigation. The national authorities involved in the adjudication of these suits can refer to previous proceedings, which may make it more difficult for a plaintiff to win a national validity suit after having lost an EPO opposition proceeding. However, no systematic analysis of these spillovers has yet been undertaken.
The differences among national jurisdictions within Europe are enormous, requiring substantial investments in each national suit and driving up the costs of challenging the national patents emerging from an EPO grant in several of the designated states. The costs of litigation in any national court have been estimated to be between €50,000 and €500,000, depending on the complexity of the case. This cost structure makes an attack at the European level with the opposition procedure particularly attractive for a current or potential competitor of the patentholder. The litigation rate (computed as the number of cases for which a suit is filed divided by the number of patents) in most European countries is roughly 1 percent, slightly lower than the 1.9 percent reported for the United States (Stauder, 1996 (Stauder, , 1989 Lanjouw and Schankerman, 2001) . However, the quantitative evidence is too sparse to conclude from these figures that the existence of the opposition mechanism leads to a reduction in litigation.
EXTENT AND DETERMINANTS OF POST-ISSUE CHALLENGES Aggregate Statistics
This section presents some aggregate statistics on EPO patent oppositions and USPTO re-examinations during the past two decades. First, we look at the rate at which these post-grant challenges are pursued for all granted patents. We then analyze the length of time until challenge occurs and until it is resolved. Finally, we examine the characteristics of patents that influence the frequency of post-grant challenges in our two technology classes.
Any comparison of opposition and re-examination must begin with a recognition of the fact that there are far more opposition cases (33,599 between 1980 and 1998) than re-examination cases (4,547) during the period of this analysis. This difference reflects the fact that the re-examination proceeding operates very differently from an opposition proceeding. Indeed, one salient difference between the re-examination and opposition procedures concerns the identity of the challengers in these processes. In nearly 40 percent of the re-examination cases during this period, the party initiating the proceeding is identified by USPTO as the patent's "owner." Obviously, there are virtually no circumstances under which the patentholder initiates an opposition proceeding in the EPO. Moreover, because many of the other parties initiating re-examinations are law firms that may be acting on behalf of patentholders, the share of re-examinations initiated by patentholders almost certainly approaches 50 percent. 48 In many cases, patentholders initiate re-examinations to address failures to properly cite prior art, to correct claims, or to repair other flaws in the issued patent. However, this difference between re-examinations and oppositions in the identity of the initiating parties highlights the very different roles of the re-examination and opposition procedures and underscores the need for caution in drawing analogies between these types of post-issue challenges.
Because our technology classes contain relatively few re-examination cases, much of our discussion of re-examinations in this section uses data for all U.S. reexaminations, rather than only those from our two broad technology classes. 12 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 Year during 1980-1998 (based on the year of patent grant), whereas Figure 3 shows the rates for our two technology classes during 1980-1996. The opposition and reexamination "rate" is defined as the share of patents granted in a given year that are ultimately challenged through opposition or re-examination. Our measure of the re-examination rate is truncated because challenges can happen any time during the lifetime of a patent, 49 and we use a simple model of the re-examination lag to compute a minor correction for this truncation. Two facts are immediately apparent from Figures 2 and 3:
1. The opposition rate at the EPO is much higher than the re-examination rate at the USPTO for all technology classes (Figure 2) , as has been noted previously by Merges (1999) and Harhoff and Reitzig (2001) . The average re-examination rate during the 1981-1998 period was 0.3 percent and the average opposition rate during the period was 8.3 percent. Thus, during 1980 Thus, during -1998 were about 30 times more likely to be filed than re-examinations.
2. The opposition rate for patents in the semiconductor, computing, and software sector is substantially lower than that for patents in the biotechnology/pharmaceutical sector and for patents in all sectors. Our two technology classes display far smaller differences in their re-examination rates, and their re-examination rates do not differ very much from those for patents in other sectors. The lower opposition rates in semiconductors and software may reflect technological differences, but it is also plausible that firms in the semiconductor and computing industries have developed a pattern of private negotiations (e.g., cross-licensing Copyright © National Academy of Sciences. All rights reserved.
negotiations) for resolution of some emerging disputes (Hall and Ziedonis, 2001 ). The relatively modest interclass differences in re-examination rates reflect the limited utility of this process for use by patent opponents or competitors. Copyright © National Academy of Sciences. All rights reserved.
tions must be filed within 9 months of a patent grant, the lag distribution for EPO opposition cases is much tighter than that for re-examinations. However, the grant lag itself in Europe is longer, making the mean lag between application and the filing of an opposition or re-examination action relatively similar for the two proceedings: 4.8 years elapse between the application date and initiation of an EPO opposition, somewhat less than the average lag of 6 years between patent application and a re-examination request in the United States. Figure 5 depicts the distribution of the time lag between a patent application and final resolution of the post-grant challenge in the two systems. Because prompt resolution of uncertainty over patent validity is one potential source of welfare gain from an efficient system for post-issue challenges, the length of time from patent application to final resolution is an important criterion for evaluating the respective benefits of oppositions and re-examinations. The distributions of the duration of these proceedings differ considerably, and it is clear that the European opposition system takes somewhat longer to resolve patent disputes. The median length of time between application and final outcome of the challenge proceeding is 7.0 years at the EPO and 6.6 years at the USPTO (for reexaminations requested by a nonowner). Confining our analysis to patents applied for before 1991, to minimize the effects of lag truncation, changes the picture slightly: The median lag at the EPO is 7.2 years whereas the resolution of cases takes 7.9 years at the USPTO. The large interquartile ranges for the USPTO cases reflect the more diffuse distribution of these lags at the USPTO. The duration of the period from application to resolution is thus slightly shorter for EPO oppositions than is true of re-examinations. 50 Table 1 summarizes the characteristics of the lag distributions that were shown in Figure 5 for the two systems. The final panel of the table confines the analysis to USPTO patents with at least one nonowner re-examination request. These cases take one-quarter to one-half year longer to resolve, but the difference is not very significant. For re-examinations requested by a nonowner, the median lag between patent application date and final opposition outcome at the EPO is 0.35 years greater than for re-examination at the USPTO for the overall time period. For pre-1991 applications, this lag is 0.3 years smaller in the EPO system. The interquartile range is 2.7 years smaller within the EPO data for the entire time period and more than 3.3 years smaller for pre-1991 applications. The total durations from application to the outcome of EPO challenge proceedings are slightly shorter on average, but the variance of the lags is greater within the U.S. re-examination proceedings. Because the re-examinations can be initiated at any time during the life of a U.S. patent, this greater variance in the distribution of the "procedural lags" for U.S. re-examinations is hardly surprising.
FIGURE 5
Lag between USPTO application and final re-examination outcome, 1981-2000 (patents granted 1975-1999) and EPO application and final opposition outcome, 1978-1999 (patents granted 1980-1997) . The Appendix to this chapter presents two brief case studies of USPTO and EPO patents covering similar inventions that were opposed in the EPO system (in our terminology, these are "twin" patents). The cases, both of which cover biomedical inventions, indicate that parties opposing patents in the EPO may well pursue litigation simultaneously against the EPO patentholder's U.S. patent. The cases also underscore the point made above about the lengthy duration of the Copyright © National Academy of Sciences. All rights reserved.
EPO opposition system-one lawsuit in the United States over Ortho Pharmaceuticals '799 patent was settled 5 years before the opposition proceeding on the corresponding EPO patent reached a conclusion. The other U.S. lawsuit involving this patent, however, was not settled for 2 years after the conclusion of the opposition process for the EPO "twin." The other case study of the Liposome Corporation's U.S. and EPO patents reveals a similarly complex interaction between the processes of post-grant review or litigation in the U.S. and European systems. In this case, as in the Ortho Pharmaceuticals case, a defendant in an Summarizing our descriptive findings, the EPO opposition system does not reach a conclusion much more rapidly than the U.S. re-examination procedure when this procedural duration is estimated as the length of time from patent application date to final resolution. The average lag between application date and the initiation of a challenge is substantially greater within the U.S. re-examinations than in the EPO oppositions, but this difference reflects the different time limits on the initiation of such proceedings (the EPO requirement that opposition be filed within 9 months of patent grant). Should we conclude from these comparative data that the longer lags in the EPO opposition system imply a lengthier period of uncertainty, legal expense and, therefore, a higher welfare burden within the innovation systems of these economies? Such a conclusion is unfounded, because it relies on a characterization of the re-examination and opposition proceedings as analogous in their characteristics, rigor, and outcomes. The data presented above on the identity of the parties initiating re-examinations, as well as the abundant evidence discussed above of significant procedural differences between the re-examination and opposition processes, should dispel any such analogies. Any such comparison of challenges also must incorporate data on the next stages of these challenges, which in both Europe and the United States involve litigation. Unfortunately, the analysis of litigation data is beyond the scope of this chapter.
Analyzing the Determinants of Re-examination at the USPTO
What are the characteristics of the U.S. patents that undergo re-examination? Do they differ from the characteristics that have been identified as determinants of EPO opposition challenges in the study by Harhoff and Reitzig (2001) ? To address these questions, we analyzed the characteristics of re-examined patents by analyzing patents issued between 1975 and 1999 in all patent classes for which re-examinations were requested by a nonowner between 1981 and 1999 (a total of 2,462 patents), comparing the characteristics of these patents against those in a 1 percent sample of all U.S. patents issued during this period (yielding a "control sample" of 20,359 patents). To deal with truncation issues, we also analyzed a sample of pre-1991 patents from each system (a sample including 1,513 re-examined patents and 10,099 control patents).
The results for our probit regressions analyzing the determinants of re-examinations of all U.S. patents, which use variables similar to those used by Harhoff and Reitzig (2001) , are shown in Table 2 . The first panel shows results for the whole 1975-1999 sample, whereas the second panel restricts the sample to patents granted before 1991, because our measure of forward citations (those during the first 9 years of patent life) is truncated for patents issued in the 1990s. The variables have fairly high predictive value, with a pseudo-R-squared of about 0.13 and an error rate of about 13-17 percent compared with 23 percent for random assignment.
Similar to the findings of Harhoff and Reitzig in their analysis of oppositions, we find that re-examination requests are more likely for patents that are cited more frequently by other patents after their issue. The effects are large and monotonic: A patent cited more than 20 times in the 10 years after its application date is more than 50 percent more likely to be re-examined. Patents owned by individual inventors are about 2 percent more likely to be re-examined than those held by corporations. 51 Patents held by government entities are about 6-9 percent less likely to be re-examined, ceteris paribus.
As we noted above, our data include re-examinations in all technology classes, in contrast to the analysis of oppositions by Harhoff and Reitzig. Our analysis of re-examinations of patents in the classes examined by Harhoff and Reitzig indicates that biotechnology/pharmaceutical patents are no more likely to be re-examined and patents in the semiconductor, computer hardware, and software classes are less likely to be re-examined, compared with patents overall. 52 For patents granted before 1991, both biotechnology/pharmaceuticals and semiconductor/computer hardware have re-examination rates that are approximately the same as those for other industries. Only the rate for software is lower, by about 8 percent, although sample sizes are small.
The nationality of the patentholder has little effect on the likelihood of reexamination, although patents held by British, U.S., Canadian, Australian, or Israeli assignees are slightly more likely to be re-examined. Finally, the results for dummy variables indicating the number of claims in the patent suggest that the probability of re-examination rises monotonically with the number of claims; more complex patents are more likely to be re-examined. Table 3 summarizes the results of re-examinations conducted by the USPTO between 1981 and 1998. Where there are two or more re-examination requests and outcomes for a particular patent, we have combined them to produce a final outcome in the following way: Patent revocation replaces any other outcome; claims added, amended, and or cancelled cumulate over re-examinations and replace any earlier no-change result. 53 The first set of columns shows all 3,000 reexaminations for which we have outcome information, and the next two columns show the results for our two main technology classes. 54 The proportions are similar, although claim amendment appears to be more likely than the mere addition or cancellation of claims in our two technology classes, both of which cover relatively new areas of inventive activity. A likelihood ratio test for similarity of the two distributions passes easily.
Re-examination Outcomes
About 24 percent of the patents are confirmed in full on re-examination, whereas only about 10 percent are revoked in full, a number similar to the 12 percent reported by Merges (1999) for 1995. For the newer technologies, confirmation in full is less likely and revocation more likely. When we confine the sample to re-examinations initiated by nonowners (the third and fourth sets of columns), we find that both revocation in full and no change to the patent are more likely, and that the distribution of outcomes is significantly different for owner-requested re-examinations as compared to the others. The next section compares the results of re-examination to those achieved by the EPO opposition system for these two technology classes.
Sampling Strategy for U.S.-EPO Equivalents
Thus far, we have examined data on the determinants of re-examinations at the USPTO. We now examine the similarities and differences between the U.S. and European challenge systems, both in terms of the characteristics of patents that trigger challenges and in terms of the outcomes of these challenges. This analysis requires that we control for possible differences between U.S. and EPO patents. To that end, we assembled a data set that includes "twins," i.e., EPO patents that are also issued in the United States or vice versa.
Assembly of this data set of "twin" patents relied on a sampling strategy that could produce a set of U.S.-EPO "twins" and control samples that are similarly 53 Unfortunately, we were unable to find outcomes for a number of re-examinations, because of the problems mentioned above with USPTO paper records. We are missing about 200 outcomes before 1992 (approximately 13 percent) and about 700 from 1992 and later (approximately 30 percent). Some of the later re-examinations are probably not yet completed. 54 The sample of outcomes is slightly larger than the sample of re-examinations used in Table 2 because a few observations were deleted from the sample used in Table 2 because of problems with missing data.
Patents in the Knowledge-Based Economy http://www.nap.edu/catalog/10770.html TABLE 3 Re-examination outcomes, 1981 Re-examination outcomes, -1998 Re-examination outcomes, (patents granted 1975 Re-examination outcomes, -1998 distributed among years and technology classes within the U.S. and EPO patent data. We used the International Patent Classifications (IPC) for our patents, because it is employed by both the USPTO and the EPO. We based our sampling strategy on the IPC classifications done at the EPO, because these assignments are more reliable than the IPC assignments done after the fact at the USPTO. 55 We began by drawing a sample of approximately 2,000 EPO patents that met the following criteria (Figure 6 provides a graphic depiction of this sampling strategy):
• They were granted between 1980 and 1997 (applied for between 1978 and 1995) .
• They were classified in one of our two broad technology classes (62 percent in biotechnology/pharmaceuticals and 38 percent in semiconductors/computers/software).
• An opposition was filed against them after grant. These patents are shown in the upper left corner of Figure 6 . Using these 2,027 patents as our sampling frame, we then drew an 8 percent sample of unopposed EPO patents in these technology classes to use as controls in our analysis of oppositions, stratifying on the filing date (month and year) and IPC class, yielding a total of 2,861 patents. These are shown in the upper right corner of Figure 6 . Because biotechnology/pharmaceutical patents are opposed at a higher rate, our 8 percent sample of unopposed patents yields a smaller control sample. 56 U.S. equivalents for these two samples of patents (equivalents are members of the same patent family that have exactly the same priority or priorities in common) were then collected, yielding the patents in the two bottom panels. 57 In about 2-3 percent of the cases, an EPO patent has more than one U.S. equivalent; three patents have more than three US equivalents. 58 The likelihood that an EPO patent has a USPTO equivalent is higher for semiconductor/software than for biotechnology and pharmaceuticals. We have no definitive explanation for this difference at present. It may reflect a greater tendency for patent applicants to pursue national rather than global intellectual property protection strategies in biotechnology and pharmaceuticals, or it may reflect a greater presence of nonindustrial assignees (universities and government laboratories, both of whom are less likely to pursue global filings) in the biotechnology and pharmaceuticals patent databases. However, these possibilities are purely speculative, and additional analysis of our data is needed.
The probability that an EPO patent has a U.S. equivalent is also higher for the controls than for the opposed patents, even when we control for broad technology class. It is possible that this result reflects interdependence between the EPO oppositions and patent filings in the U.S. system. For example, an applicant collecting information-through either patent issue or ex parte discussions with the examiner-that the USPTO patent is likely to be relatively "weak" may be less likely to pursue a "strong" EPO patent, simply because of the nonzero prob-56 Sixteen patents in the EPO opposed sample and three in the control sample described above had twins that encountered re-examination requests, implying re-examination probabilities of 1.6 percent and 0.15 percent, respectively. This means that the re-examination probability is ten times as high for opposed patents, but still very small overall. 57 See http://gb.espacenet.com/espacenet/gb/en/help/161.htm for definitions of patent families and equivalents. Equivalents can be identified by using the ESPACENET service of the EPO. This database is available at http://ep.espacenet.com. 58 This may result because the U.S. and EPO standards for the patenting of embodiments differ, the USPTO permitting a larger number of applications than the EPO's Unity of Invention standard would allow. Article 82 of the European Patent Convention states: "The European patent application shall relate to one invention only or to a group of inventions so linked as to form a single general inventive concept." This international distinction would tend to be exacerbated in the case of pharmaceutical and biotechnology patents, however, the applicants for which have long been recognized to pursue of strategy of "serial patenting" (Merges, 1997) .
Patents in the Knowledge-Based Economy http://www.nap.edu/catalog/10770.html ability that an opposition to the EPO patent could result in the revocation or significant amendment of the EPO patent. However, this issue requires additional analysis. Table 4 displays the results of a series of probit regressions that relate the probability that a patent is opposed in the EPO system to the characteristics of the patent, its assignee, and the U.S. twin, if there is one. All of the right-hand variables are dummies, and the estimates shown are the change in the probability if the dummy changes from 0 to 1. The first data column of the table gives the number of observations for each variable for which its respective dummy variable was equal to 1.
Incidence of Opposition
When we included only grant year dummies, the biotech/pharma dummy, and the U.S. twin dummy in the probit, we obtained the following estimate:
Prob ( This result essentially summarizes the results of our sampling strategy: Biotechnology/pharmaceutical patents are 30 percent more likely to be opposed, and patents with U.S. twins are approximately 12 percent less likely to be opposed. Including only these variables along with grant year dummies yielded an Rsquared of 0.09.
Columns (1) and (2) relate opposition to a number of characteristics of the patent and its holder. In column (2) we replace the biotech/pharma dummy by a full set of dummies for the 15 four-digit IPC classes we are considering. These dummies are clearly significant [χ 2 (12) = 99.5], but they have little effect on the estimate of the other coefficients. 59 The other variables in the regression are the following:
• A set of dummies for the number of EPO citations received by the patent between its issue date and 1999. One additional forward cite raises the opposition probability about 3-5 percent, with some diminishing returns, a result that is consistent with the Harhoff-Reitzig results cited above. 59 The degrees of freedom are lowered by the fact that some cells are sparse and therefore not identified in the regression. Those that had much lower opposition probability than average were G06F, G11C, H01L, H03K, H03M, and H04L, which are most of the semiconductor/computing classes. Those that were higher were C07G and C12M. This result essentially confirms the fact that the biopharm dummy captures most of the difference in opposition rates for these technologies.
Patents in the Knowledge-Based Economy http://www.nap.edu/catalog/10770.html • A set of dummies for the number of EPO states in which the patent was taken out (1-5, 6-10, and more than 10). Designating more states raises the probability of opposition, which again is consistent with Harhoff and Reitzig (2001) .
• A set of dummies for the number of claims (1-5, 6-9, 10, 11-15, more than 15). Having more claims raises the probability of opposition, but only if the number of claims exceeds 10. 60 The meaning of this result is ambiguous, because the number of claims in a patent is itself subject to multiple interpretations. On the one hand, patents with a large number of claims could be seeking protection for a very narrowly defined invention. In other words, these patents are occupying a space in a relatively "crowded" field populated by many similar inventions, raising the probability of an opposition. On the other hand, patents with large numbers of claims may be broader, rather than narrower, and may therefore face a lower probability of opposition (i.e., they could be early occupants of a less crowded invention space). The coefficient implies that the "crowding" effect, which raises the probability of an opposition, becomes significant as the number of claims in the patent exceeds 10.
• Whether the patentholder is an independent inventor, 61 a dummy variable for which the coefficient is insignificant.
• Whether an accelerated search was requested by the patent applicant at the EPO, which lowers the probability of opposition by about 14 percent. 62 Accelerated search is often requested when the applicant is unsure of the state of the art or of whether the invention is patentable. We therefore interpret this result as indicating a relatively "low-quality" (or less important) patent that is less likely to trigger an opposition. 63 • Whether an accelerated examination was requested by the patent applicant, which raises the probability of opposition by 24 percent. This request indicates that the applicant attaches high value to the patent, e.g., because a patent race is under way. As a result, it is more likely that there will be a competitor that wishes to oppose the patent.
• Filing a Patent Cooperation Treaty (PCT) application, something that enables the applicant to file for protection later in up to 80 countries at the World Intellectual Property Organization (WIPO). A PCT application raises the probability of an opposition by about 10-12 percent, which may reflect the higher value of an invention for which broad international patent protection is sought. The PCT also allows strategic delay: A PCT filing gives a patentee up to 31 months in which to make a patent application in a foreign jurisdiction. A PCT filing motivated by such delay would also likely reflect a patent of higher value.
• A set of dummies for the country of the patentholder. Although they are jointly significant, none are significant individually. Because those for Germany and the rest of Western Europe are marginally significant, we retain them.
• A dummy for the presence of one or more U.S. twins. Once we control for other patent characteristics, the relative probability that a patent with a twin is opposed increases slightly, from minus 12 percent to minus 9 percent. This finding is puzzling and requires further analysis. We speculate that this result may once again reflect some interdependence between the information an applicant collects regarding the "weakness" of the USPTO patent and the perceived "strength" or quality of the "twin" EPO patent. The EPO "twins" of patents that are survive USPTO review may be viewed as stronger by potential opponents, and therefore are less likely to trigger an opposition. Obviously, this speculative interpretation requires additional analysis of the timing of filings and oppositions in the U.S. and EPO systems.
In general, the results from the regressions in columns (1) and (2) confirm the findings by Harhoff and Reitzig (2001) that variables positively correlated with the value of a patent increase the probability that the patent will be subject to opposition. It is suggestive that patents held by independent inventors are no more likely to be opposed than other patents, other things being equal. If we do not control for patent characteristics, however, patents held by independent inventors are 11 percent more likely to be opposed; the main reason seems to be that they are more likely to be biotechnology/pharmaceutical patents. This result may reflect the greater presence of European university inventions within the biotechnology/pharmaceutical patent class, ownership of many of which remains with the individual faculty member.
Column (3) presents our preferred specification. Eliminating the insignificant variables does not affect the remaining coefficient estimates substantially. Patents held by German and Western European assignees are about 7-9 percent more likely to be opposed than patents held by residents of other countries. We explored the identity of the opposers, finding that they are more likely to come from countries that share a language with Germany or are in close proximity to a country that does. This suggests that the opposition system is more heavily used by those who are familiar with the language and culture of the country in which it is operated. It is natural, therefore, that the opposed patents also come from nearby countries, either because the (potential) opposers are more informed about them or simply because they are more likely to be in the same narrow line of business.
On the other hand, this finding may be caused by the choice of designated states for patent coverage, with Germany being the most favored choice. Inventors and corporations in European countries for which patent protection is not sought will have lower incentives to challenge patents that are not valid in their home country.
Finally, in column (4), we add the following variables concerning any U.S. twins for these patents:
• Whether the patent has more than one U.S. twin, a variable that is insignificant.
• A set of dummies for the number of USPTO citations received by the patent in the first 10 years of its life. One additional forward cite of this type raises opposition probability 1 percent, with some diminishing returns at high citation levels. The slightly lower coefficient for U.S. citations relative to EPO citations may reflect the fact that USPTO patents have many more citations per patent than EPO patents. Although the EPO citation variables fall slightly in the presence of USPTO citation variables, both enter the equation significantly.
• A set of dummies for the number of claims in the U.S. patent (1-5, 6-9, 10, 11-15, more than 15). Unlike citations, these variables are not significant in the presence of the dummy variable for the number of claims in the EPO patent application. When we exclude the dummies for EPO claims, the dummies for the U.S. claims become slightly significant and negative. This result may well reflect the difficulty, noted above, of interpreting the meaning of the number of claims in a patent.
• Whether the U.S. application date was before the EPO application date. This reduces the probability of opposition by about 4 percent, possibly reflecting the fact that more of the value of these patents relies on their exploitation in the U.S. market, making opposition in Europe less important. However, the finding also is consistent with the "signaling" interpretation of U.S. patent issue noted above.
• Whether the USPTO coded the inventor as an independent inventor. This increases the probability by about 8 percent, but the coefficient is insignificant. Measuring this more accurately is of some concern, given the reluctance of the U.S. independent inventor community to embrace an opposition system. 64 Controlling for grant year and nothing else, the raw difference in probability is 9.4 percent with a standard error of 4.8 percent.
The set of variables that describe the U.S. twin are jointly significant, with a χ 2 (11) = 42.6. Adding them has little effect on the other coefficients beyond a reduction in the size of the coefficient for the "U.S. twin" dummy to minus 14 percent.
Opposition Outcomes
The outcomes of the oppositions for our sample are shown in Table 5 . The category "opposition closed" refers to cases in which either the opponent withdraws the opposition and the patent office does not pursue the case on its own behalf, or the patent holder does not renew patent protection, which causes the patent to lapse into the public domain. It is therefore not clear how many of these cases reflect a successful challenge to the patent's validity. Two facts are particularly striking: First, oppositions against patents with U.S. equivalents are more likely to be rejected. This may be due to the fact that patents from non-European applicants are selected carefully for patenting in Europe and are therefore more robust against the opposition challenge. It is also consistent with the argument that USPTO review does have a "quality-enhancing" effect on the issued patent. This result may also be a plausible explanation for the previously discussed negative impact of the "twin status" variable on the likelihood of opposition.
Second, the probability of outright revocation of a patent subjected to opposition is much higher than for re-examination: A total of 35.1 percent of the patents are revoked, and the category of "opposition closed" may contain additional cases which reflect a successful challenge (recall that only 9-11 percent of re-examined U.S. patents are revoked in full). Presumably, these results reflect the wider grounds allowed for opposition and the presence of a third party in the opposition process. Table 6 explores the relationship between patent characteristics and outcomes with a simple logit model of the following form:
where j = outcome of the opposition (still pending, rejected, amended, closed, or revoked) and X i are various characteristics of the ith patent. In Table 6 we show the change in probability of each outcome type induced by a one-unit change in the right-hand side dummy variable, holding all other variables constant:
where l indexes the right-hand side variables. All effects are measured relative to the opposition pending outcome, so the rows in Table 6 sum to zero. The results in Table 6 support the following conclusions:
1. Oppositions to patents with more citations or wider European coverage, or where there are multiple oppositions or multiple U.S. twins, tend to take longer to resolve, in the sense that the outcomes are more likely to be pending.
Copyright © National Academy of Sciences. All rights reserved. 2. Oppositions to biotech/pharma patents and/or highly cited patents, or where there are many claims, tend to result in amendment rather than a simple yes or no decision. Amendment is less likely when there are multiple oppositions or the inventor is an individual. More important patents or patents in relatively new, dynamic areas of inventive activity appear on this evidence to be more likely to be amended rather than revoked in an opposition. 3. Amendment is also more likely when an accelerated examination was requested for the patent. Recall that accelerated examinations are associated with a 25 percent higher probability of opposition in the first place. The two facts together suggest that these patents are in relatively new areas that are characterized by higher uncertainty about the technology, prior art, novelty, etc.
4. Revocation is more likely when there are multiple oppositions or few claims and substantially less likely when the patent is in the biotech/pharma area, when the patent is heavily cited by subsequent patents, when an accelerated search was requested, or when there are U.S. twins.
CONCLUSIONS AND FURTHER QUESTIONS
The determinants and characteristics of patent challenge procedures are an important issue in any assessment of the U.S. or other industrial economies' intellectual property systems. In a "knowledge-based" economy, intellectual property systems are constantly challenged by the advance of technology, a process that among other things creates new artifacts to which the necessarily backward-looking patent system must respond. A "knowledge-based" economy also is one in which the high political salience of national and global intellectual property systems means that they are the focus of political lobbying to strengthen, adapt, or weaken specific features of intellectual property regulation, administration, and law to favor particular interests. Both of these forces have been at work within the U.S. intellectual property system during the past quarter-century; a period of significant strengthening of patentholder rights has triggered a debate over the appropriate level and limits of such rights. Moreover, this debate has important trans-Atlantic and global echoes and analogues.
This chapter has explored one dimension of the operations of the post-issue systems for challenging patent validity in the U.S. and European intellectual property systems. The analysis presented here is preliminary, and many issues remain open for further research. One of the most important gaps in our current data is the lack at present of data on rates of litigation for U.S. patents that are reexamined and EPO patents (and their U.S. "twins") that are opposed. The lack of these data prevents us from examining whether the use of oppositions results in lower rates of litigation, lowering costs and resolving uncertainty more rapidly. Any such conclusion requires that we extend the analysis to incorporate postchallenge litigation, which we hope to do in future research.
Nonetheless, the analysis in this chapter (which itself needs to be extended to cover a broader array of patent classes and to incorporate the length and costs of litigation in the United States and Europe) highlights several interesting features of the patent challenge systems of the U.S. and EPO systems. First, the U.S. reexamination procedure differs dramatically from the EPO opposition procedure in virtually all of its features. Perhaps the most significant of these contrasts is the identity of the party requesting a re-examination, which our data indicate is the patent owner in more than 40 percent of the cases. This characteristic of re-examination hardly qualifies it as the sort of adversarial procedure that EPO oppositions represent. With this fact in mind, comparisons of U.S. re-examinations and EPO opposition proceedings must be treated with great caution.
Keeping in mind the significant differences between the re-examination and opposition processes, our comparative analysis suggests that EPO oppositions do not resolve validity challenges much more quickly than USPTO re-examination proceedings. In other words (and keeping in mind the incomplete nature of our data), for any given patent the EPO opposition process does not resolve uncertainties over the quality and breadth of patents more rapidly than the re-examination process. Indeed, opposition proceedings in some cases (and almost certainly in important, complex cases with numerous opponents, appeals, etc.) may well take as much time to be resolved as litigation in the U.S. system. Nonetheless, the higher frequency of opposition (which is presumably due to the lower cost associated with opposition as compared to the cost of litigation in the United States) within the EPO system is at least consistent with the hypothesis that the opposition process handles many more legal disputes over patent validity than are addressed by the U.S. re-examination process.
Our analysis also indicates that patent amendment, rather than revocation, is more likely for oppositions in relatively new fields of inventive activity, for more "complex" patents, or for oppositions in which numerous opponents participate. Because we lack evidence on the extent to which oppositions are followed by litigation in the European patent system, we cannot determine whether the lack of any "speed advantage" for oppositions in resolving patent disputes quickly is offset by a reduction of litigation rates associated with oppositions. The EPO system may offer few advantages over the U.S. system for post-issue patent challenges, but we cannot address this issue without analyzing litigation data for both the U.S. and European systems. Any comprehensive assessment of the social costs and benefits of the two challenge systems requires that we consider both the "patent office" processes of post-grant challenge (opposition or re-examination) and litigation.
The analysis of EPO oppositions and USPTO re-examinations also indicates that more "valuable" or technologically important patents, based on the usual indicators of such characteristics, are more likely to trigger challenges. This conclusion is consistent with prior research, and if the private and social values of patent rights are correlated, higher levels of scrutiny for more important or valuable patents are welfare-enhancing. Misspecifications of the claims or other characteristics of important patents are likely to produce relatively large welfare losses, e.g., deviations from an optimal trade-off between market power allocated to the patent owner and incentives for R&D (Harhoff and Reitzig, 2001) .
Our analysis of "twin patents" also suggests a complex interdependence between the probability of an EPO challenge and the issuance of a U.S. "twin" patent. This interdependence must be explored further, but at least some evidence is consistent with the interpretation that "twin status" reflects selection issues that we have not addressed in this chapter. There also appear to be some interesting issues of the timing of applications and issue of USPTO and EPO patents within these data, and we intend to analyze these issues in greater detail. The existence of such interdependence is hardly surprising in an integrated global economy, but these linkages have received little scrutiny from scholars of intellectual property policy.
The heading for this section thus is used advisedly, because we have raised as many questions as conclusions in this analysis. But this highlights the richness of the agenda for further research.
Nexstar's shares dropped 21.5 percent. (Marc Monseau, "Patent Office upholds Liposome patent," Denver Rocky Mountain News, June 7, 1996) .
The news also appears to have scuttled Nexstar's plans for a $60 million new share offering in June 1996 that would have financed the firm's acquisition of new drugs, marketing its newest product, and research and development. (David Algeo, "Nexstar may kill offering," The Denver Post, D:1, June 8, 1996) . Nexstar officer said that LC's announcement of the outcome of its patent re-examination had harmed the firm (Jesse Eisinger, "Patent ruling may hamper Nexstar offering," Denver Rocky Mountain News, 5B, June 11, 1996) .
The USPTO certificate on the re-examination of the '635 patent finally issued on July 2, 1996, and the facts did not entirely support LC's press releases of a month earlier. In reality, B1 Certification 2,937 stated that 3 claims had been cancelled, 6 claims had been amended, and 19 new claims were added to the '635 patent. Nexstar returned to federal court in May of 1997, claiming that LC had purposefully misrepresented the re-examination results to gain advantage and injure Nexstar, and argued that the '635 patent was invalid.
EP 190315 was opposed at the EPO on Feb. 1, 1994 by Nexstar and Daiichi Pharmaceutical. The case is still pending on appeal, and we do not know the preliminary outcome. It is probable, based on the events discussed immediately below, that they are not waiting for the final outcome and the case is essentially closed.
The two competitors ultimately reached a settlement in their U.S. court case on August 11, 1997, jointly stipulating to a dismissal. In the settlement, LC granted Nexstar immunity from future suits in connection with its worldwide manufacture and marketing of AmBisome. The firms agreed to grant reciprocal options to take licenses to the other's patented technologies, whereas Nexstar agreed to unspecified payments to LC. The following day, Nexstar's AmBisome was approved by the Food and Drug Administration for marketing in the United States. By the early 1980s, monoclonal antibodies had been recognized as a remarkable advance in medical science. The discovery, which allows the identification of so-called T cell subsets of lymphocytes, a type of white blood cell, showed promise for enabling advancements in the treatment of infectious disease, cancer, infertility, autoimmune disorders, heart disease, and other maladies. In 1984, sales of diagnostics and therapies using the technique grossed U.S. $500 million, with projections of annual sales of U.S. $2 billion by 1990 (Lawrence Altman, "A Discovery and Its Impact: Nine Years of Excitement," New York Times, C:3, Oct. 16, 1984) . The founders of the technique were awarded the 1984 Nobel Prize in "Physiology or Medicine," signaling its path-breaking nature.
On March 20, 1979, the Ortho Pharmaceutical Corporation (Ortho) applied for a U.S. patent on its invention entitled "Monoclonal antibody to human T cells, and methods for preparing same." On March 19, 1980, presumably taking advantage of the 1-year application window allowed in the EPO, Ortho applied for its equivalent European patent, application number EP1980030082, using the U.S. application date as its priority date. On the basis of the application's March 1979 international priority date, the EPO published the application on October 15, 1980, signaling the existence of the pending patent. Ortho designated its European states of interest on that date as Austria, Belgium, Switzerland, Germany, France, Great Britain, the Netherlands, Italy, and Sweden.
On December 14, 1982, after some 2 years and 9 months pending in the USPTO, the U. By October 3, 1986, Ortho and Becton Dickinson had settled their California litigation. Each party stipulated to a voluntary dismissal of the case and the Court announced that the parties had "resolved their differences." But the EPO opposition proceedings continued, and after the two pending oppositions were consolidated, the EPO patent was revoked on October 17, 1986. Ortho immediately appealed the adverse decision to the EPO, but the appeal was finally rejected on January 8, 1991, 5 years after settlement of the firm's infringement suit against one of the EPO patent opponents.
Ortho's suit against Coulter Corporation and Coulter Electronics Corporation in the Southern District of Florida was finally settled in November 1993, with a consent judgment and a dismissal. Ortho's U.S. patent remains in force but has not been asserted in court since. The patent number is not withdrawn, although the patent is close to expiration.
